This study aimed to assess the time needed by rats, which had not been previously transported, to acclimatize to a new environment after 5 h of van transport, using physiological parameters as measures of acclimatization. Animal shipping boxes and transport van conditions were standardized to minimize stress factors that could be associated with transport. Heart rate (HR), body temperature and activity levels were measured in the rats before and after transport using previously implanted radiotelemetry transmitters. Body weight was also recorded. All parameters were changed significantly except for body temperature. Results suggest that rats take three days to acclimatize to a new environment, as measured by the physiological parameters of body weight, HR and activity.
Article 5 of Appendix A of the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes (ETS no. 123) states that 'unless the state of health of animals introduced into an establishment is satisfactory, it is recommended that they should undergo a period of quarantiney. Even if the animals are seen to be in sound health it is good husbandry for them to undergo a period of acclimatisation before being used in a procedure. The time required depends on several factors, such as the stress to which the animals have been subjected which in turn depends on several factors such as the duration of the transportation and the age of the animal. This time shall be decided by a competent person'.
The question that arises is that even if one is confident about the health status of incoming animals, one still has to decide how long animals should be maintained in the quarantine area so that they can fully acclimatize.
In general, animals subjected to the environmental changes that occur during transportation (housing in transport boxes, several hours of travel, final placement in a new animal facility, exposure to new animal caretakers and procedures) react with changes in their physiology, such as body weight, plasma hormonal levels, heart rate (HR) and blood pressure changes (Swallow et al. 2005) . To foster good scientific practice, animals should be used only in experimental procedures after adaptation to their new situation and stabilization of their physiological parameters.
When measurements of physiological parameters are performed using conventional measurement techniques, the results must be interpreted with caution as these conventional techniques also have effects on the animals. Some well-described examples are the increase in catecholamine levels and the increase in blood pressure when rats are immobilized (Kramer & Kinter 2003) . Radiotelemetry provides a method to obtain accurate and reliable physiological measurements from conscious, freely moving animals (Kramer & Kinter 2003) . Radiotelemetry is a valuable tool that can be used to investigate animal welfare without the influence of handling and other restraint (Kramer et al. 2004) . HR and body temperature can be used as indicators of animal stress and as a measure of the adaptation to the new environment (Kramer et al. 2004) .
Radiotelemetry can be used to obtain objective data on acclimatization time for rats after van transportation. It can also be used as a tool for defining accurate quarantine/stabilization periods for laboratory rats with satisfactory health status received in research centres following controlled transportation.
Materials and methods

Animals
One of the objectives of the study was to utilize and transport animals that had never previously experienced transportation.
Adult, time-mated pregnant female rats (Hsd: Sprague Dawleyt SDt) were obtained from Harlan Ibè rica SL one week prior to the expected parturition date. These outbred rats were of specific pathogen-free microbiological status, following the Federation of European Laboratory Animal Science Associations (FELASA) recommendations, and were microbiologically monitored with monthly testing of sentinel rats. Twenty male Hsd: Sprague Dawleyt SDt rats born from these time-mated females were used in the study.
Husbandry during experiment
Time-mated pregnant rats were housed individually in an isolated room in solid bottom polyethylene boxes (22 Â 22 Â 22 cm, basal surface 500 cm 2 ) with commercial autoclaved wooden bedding (Lignocel 3/4, Rettenmeier s ). Offspring were weaned at 21 days of age and housed in groups of five animals of the same sex. Animals were housed in pairs after the surgical implantation of radiotelemetry transmitters. Rats had free access to a commercially produced autoclaved diet (Harlan Teklad s 2018, Scott Nutrition) and water in bottles. During the experiment, a controlled 12 h light/dark cycle (lights on at 08:00 h, lights off at 20:00 h), room temperature of 20721C and relative humidity 45-70% were maintained. Experimental procedures were approved by the J Uriach y Compañ ía SA Animal Experimentation Ethical Committee.
Experimental procedure
Time-mated pregnant female rats produced litters seven to eight days after arrival at the animal facility. Cages were cleaned once a week but, otherwise, the rats were undisturbed during lactation. The rats were weaned at three weeks of age, then sexed and housed in solid bottom polyethylene plastic cages in the same room and environmental conditions. Twenty male rats were selected at random at eight weeks of age and 175-200 g body weight for use in the study. Ten rats were implanted with a radiotelemetry transmitter (TL11M2-C50-PXT [Data Sciences International, St Paul, USA]), and the other 10 rats were used as cage partners during the transport and holding period.
Surgical procedure
The 10 rats selected as test subjects were anaesthetized using intraperitoneal (i.p.) injections of 75 mg/kg ketamine hydrochloride and an i.p. injection of 5 mg/kg of xylazine hydrochloride (Carpenter et al. 2001) . Analgesia was also administered with buprenorphine 0.05 mg/kg subcutaneously (s.c) after the surgery every 8 h for three consecutive days. The transmitter was implanted in the peritoneal cavity of each rat two weeks prior to transportation. Surgery was performed as previously described by Kramer et al. (1993) .
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A commercially available telemetry system was used, consisting of an implantable transmitter to measure HR, body temperature and activity, a telemetry receiver and a Data Exchange Matrix. HR is measured in beats per minute (bpm) and body temperature in degrees centigrade (1C). The Data Exchange Matrix provides the activity counts. As the animal moves in its cage, the telemetry signal transmitted to the receiver antennae varies in strength. When the signal strength changes by a specific value, an activity count is generated. The number of counts generated is dependent on both distance and speed of movement. The activity data provided is strictly a relative measure of locomotor activity, and does not relate in any way to an absolute measurement of distance moved or to a spatial position. The system will report a value of six counts per minute for a single activity count within a 10 s sample.
After surgical implantation and recovery from anaesthesia, the 10 rats were returned to the same room where they were previously housed and into which the telemetry equipment had been moved. Each implanted rat was housed with a non-implanted companion of the same sex and age in solid bottom polycarbonate boxes using the same environmental conditions described previously.
Animals were weighed daily during the first week. During the second week, they were checked daily without being touched unless it was necessary to clean the cage. The bedding was changed once a week.
Transport
The rats were transported 20 days after surgery. They were prepared for transport in the same room where they were housed. The rats were moved from their cage, weighed and allocated in their social pairs in solid floor plastic transport boxes with filters (Carfer SL). There was no mixing of individuals and social groups. Transport boxes were moved to an acclimatized van and placed on shelves with space between them to permit adequate ventilation. The environmentally controlled transport van left the facility at 10:00 h and returned at 15:00 h, after travelling a variety of roads. The temperature in the transport van was 18-201C prior to and during the shipment. Temperature was measured with the van thermometer. It is estimated that temperature in the transport box was slightly higher because of the animal body temperature.
When the rats returned to the facility after transportation, the transport boxes were moved to a room that was isolated from the room previously used to house the rats, and which housed no other rats. The telemetry rack and equipment were moved to the new room while the rats were being transported, after being thoroughly cleaned and disinfected to eliminate any odours. The transport boxes were opened and the animals were weighed and placed in their new cages with the same male rat with which they had travelled. The position of the cage of each of the 10 social groups on the rack was changed using a random number table. The rats were housed and provided with food and water as previously described. The rats were provided a different caretaker and new equipment in order to avoid any familiar odours and thus complete the simulation of a different animal facility.
Data (HR, body temperature and activity measurements) were collected every 5 min for a duration of 10 s (Table 1) during the three days prior to transport. The same measurements were recorded during the seven days after transport. Rats were disturbed as little as possible, except when they were picked up and weighed once each day. All personnel entries into the animal room were recorded.
Upon completion of the study, the implanted and non-implanted rats were used in other research programmes.
Statistical procedures
For each parameter, the data were reduced in groups of 12 h periods according to the light Laboratory Animals (2007) 41 cycle. The periods prior to transport were grouped as a single before transport period, with a differentiating light and dark period.
The statistical analysis was performed by using SPSS for Windows 11.5.1 (SPSS Inc, Chicago, IL, USA). All data were analysed by means of repeated measures analysis of variance (ANOVA).
Results
One of the rats had to be retired because the telemetry implant failed and did not provide recordings. However, the group of nine rats provided statistically significant data (Tables 1 and 2 ).
The mean body weight (see Figure 1 ) prior to transport was 278730 g. The weight was reduced by approximately 5% after transport (265729 g). During the two days after transport, the body weights were significantly lower (Po0.05) than before transport (266730 and 274729 g, respectively; Po0.05). On the third day after transport, the body weight was significantly (Po0.05) higher than prior to transport (280730 g; Po0.05) (Figure 1) .
The mean HRs during the dark and light periods before transport were 420711 and 363710 bpm, respectively. During the first five 12 h periods after transport, the HR was lower than before transport. On the sixth 12 h period (third day), the HR returned to the before-transport values and subsequently maintained this value ( Table 2) .
The mean body temperatures during the dark and light periods before transport were 38.1470.04 and 37.3870.071C, respectively. No differences were observed after transport in either the dark or light periods ( Table 2) .
The mean activity levels during the dark and light periods before transport were 5.4770.32 and 1.770.14 counts/10 s, respectively. During the first 12 h dark period after transport, the activity was significantly lower than before transport (3.9370.24 counts/10 s; Po0.005). The following six 12 h periods showed an increase in activity (Po0.005). On the eighth 12 h period (fourth day or fourth 12 h light period), activity returned to the beforetransport values and the rats subsequently maintained this level (Po0.005) ( Table 2) .
Discussion
Our results, measured by telemetry, suggest that a three-day period is required for the rats to return to before-transport levels in body weight, HR and activity (Table 2) . These results support those reported previously by van Ruiven et al. (1998) . They concluded that, based on the normalization of the blood corticosterone values and other measured parameters (including body weight, growth, clinical observation and blood serum activities of lactate dehydrogenase and aspartate aminotransferase), a minimum adaptation period of three days after transport appeared to be sufficient for rats being transported intracontinentally. They also noted that, if a light-dark shift occurs during transport, the period of adaptation would be expected to be significantly extended. They assumed that a light-dark shift does not occur in an intracontinental transport; however, when animals are transported, the light-dark cycle is usually modified as light cycles are not programmed in transport vans or in other methods of transport. In the present study, the rats were transported in total darkness and there was a light to dark change of 5 h during the time With implant Figure 1 Implanted and non-implanted rats body weight change that the animals were moved (10:00 to 15:00 h). Hasegawa et al. (2000) reported that, during the dark period, activity is increased in rats, and the ambient light conditions affect body temperature and the activity of rats. This may explain why the 5 h transport produced a 5% reduction in body weight in all 20 rats that were transported. However, further studies should be performed on the effect of light cycles on animals during transportation. Bradycardia was observed during the three days following the van transport. Bradycardia has been reported by Chin (2005) in mice when they were exposed to a stressful situation in a room with bright fluorescent light and noise. Meijer et al. (2006) also reported a decrease of HR in mice placed in a restrainer that was considered to be a stressful situation. Meerlo et al. (2002) reported changes in daily rhythmicity in uncontrollable stress situations, such as social stress in rats. Bradycardia was also found in guineapigs used in a study of transport stress that is currently being prepared for publication (Stemkens & Kramer 2006) . Stress situations may cause bradycardia and that may also be a factor in transportation stress.
In the present study, body temperature was not significantly changed. It has been previously suggested that psychological (but not physical) stress induces an elevation of body temperature in rats (Endo & Shiraki 2000) . It has also been demonstrated that rats are stressed by adverse changes within their home cage or by direct manipulation by humans (Harkin et al. 2002a,b) . Our results suggest that psychological stress did not occur because social groups were maintained. However, when animals are moved from breeding units to the investigator's units, social groups are often mixed. Social group mixing could significantly affect the parameters that were measured in this study. Additional studies should be performed to provide further understanding of the impact of other factors involved in animal shipment.
Information regarding body weight, body temperature, HR and activity level can be used to assess acclimatization time for rats moved to different facilities after transportation. This study suggests that the acclimatization period for rats transported for 5 h is three days. However, the factors measured in this study provide only a few reference points, and many other parameters, including behaviour, could also be modified by transportation of various durations.
Finally, it can be concluded that, depending on the type of research being performed at the various institutions, the optimum period for acclimatization might well vary and would depend on the type of research being performed as well as on the duration of transportation and the environmental conditions before, during and after transportation. Kramer K, van 
